Objective To investigate the association between drug treatment for attention-deficit/hyperactivity disorder (ADHD) and risk of concomitant suicidal behaviour among patients with ADHD.
Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental disorder that can affect people across the lifespan.
1- 4 The prescribing rates of drug treatments for ADHD have increased substantially in the United States and Europe, [5] [6] [7] probably because of their documented short term efficacy in symptom management and improving social functioning among patients at different ages. [8] [9] [10] [11] However, drug safety as regards rare but serious adverse events, such as suicidal behaviour, has not been comprehensively evaluated.
On the basis of 12 short term placebo controlled clinical trials, the Food and Drug Administration raised a black box warning on an elevated risk of suicidal ideation in children and adolescents being treated with atomoxetine, a non-stimulant drug for the treatment of ADHD. 12 The warning recommended families and caregivers to closely monitor patients with ADHD not only for suicidal ideation but also for suicidal behaviour, especially during the initial stage of treatment or at times of changing doses. A meta-analysis of 14 clinical trials also reported a statistically significant association between use of atomoxetine and suicidal ideation, but not suicidal behaviour. 13 Results from observational studies suggested an increased risk of completed suicide among drug treated ADHD patients aged 11 to 14, compared with the general population, 14 and also similar rates of suicide related events in patients receiving atomoxetine compared with those receiving methylphenidate, the most commonly prescribed stimulant for ADHD treatment. 15 The rarity of suicide related events (completed suicide or suicide attempt) in previous studies leads to substantial uncertainty in the interpretation of the results. Whether the possible treatment emergent suicidal ideation suggested by the randomised controlled trials may vanish as the treatment proceeds or may eventually develop into suicidal behaviour is unknown. Furthermore, the effect of methylphenidate and other stimulant drugs on suicidal behaviour remains unclear.
Drug safety assessment for rare adverse events is largely hindered by methodological challenges. Randomised controlled trials are often based on small sample sizes, short durations of follow-up, and strict inclusion and exclusion criteria, which constrains the ability to explore drug safety, especially for rare events. [16] [17] [18] Observational studies may offer large sample sizes with adequate numbers of rare events and long term follow-up, but insufficient adjustment for confounding might result in biased conclusions in such studies. For instance, ADHD drug treatment may be only an indicator of the disorder or its comorbid conditions, which themselves might increase susceptibility for suicidal behaviour, 19 so attributing the risk of suicidal behaviour simply to ADHD drug treatment may be unreasonable.
For some patients, the baseline severity of the disorder, along with other characteristics such as familial susceptibility and personal lifestyle, has a time fixed effect throughout the observational period. Confounding by these time fixed factors can be eliminated by within patient comparison analysis whereby each patient serves as his or her own matched control, regardless of whether these factors can be measured. 20 In this study, we aimed to investigate the association between use of ADHD drug treatment and risk of concomitant suicidal behaviour both at the population (between patient) level and the within patient level. The within patient comparisons implicitly control for unmeasured time fixed confounding before and during the follow-up.
Methods

Study participants
The study participants came from the Swedish national patient register, which has complete nationwide coverage of information on psychiatric inpatient care since 1987 and outpatient visits to specialists (non-general practitioners) since 2001; each visit had one primary diagnosis and up to eight secondary diagnoses based on ICD-9 (international classification of diseases, 9th revision) for 1987-96 and ICD-10 since 1997. We identified 38 056 patients born between 1960 and 1996 with a clinical diagnosis of ADHD (ICD-9: 314; ICD-10: F90). We excluded patients who died (n=81) or moved out of Sweden (n=39) before 1 January 2006, leaving a sample of 37 936 patients who we followed for their treatment status by ADHD drugs and suicide related events from 1 January 2006 until death, emigration, or 31 December 2009, whichever occurred first. To protect patients' privacy, only anonymous health data were provided by the Swedish government agency, Statistics Sweden, to ensure that no data can be traced back to individual patients.
Treatment status by ADHD drugs
We ascertained ADHD drug treatment status by dispensed prescriptions recorded in the prescribed drug register. 21 Specifically, for each patient, we divided the entire follow-up into treatment periods and non-treatment periods. As in previous studies, 22 23 we defined a treatment period as a sequence of prescriptions for ADHD drug treatments with less than six months (183 days) between two consecutive prescriptions; we considered gap of six months or more between prescriptions to indicate a non-treatment period. The start of a treatment period was the date of the first prescription, and the end of the treatment period was the date of the last prescription. We took into consideration prescriptions in 2005 and 2010 to ascertain the treatment status over the first and the last period during the follow-up from 2006 to 2009. The Swedish prescribed drug register provides information on dates of prescriptions and anatomical therapeutic chemical classification codes for all ADHD drugs dispensed to the entire population in Sweden since July 2005. 21 In this study, we focused on three stimulants (methylphenidate (N06BA04), amfetamine (N06BA01), and dexamfetamine (N06BA02)) and one non-stimulant (atomoxetine (N06BA09)). In our sample, 26 150 (68.9%) patients received ADHD drug prescription at some point between 1 July 2005 and 30 June 2010. Among these treated patients, 24 555 (93.9%) received at least one prescription for methylphenidate and 6818 (26.1%) received at least one prescription for atomoxetine. The other two stimulants, amfetamine and dexamfetamine, were rarely prescribed.
Suicide related events
We defined a suicide related event as a suicide attempt or registered death due to suicide, based on ICD-10 codes (X60-X84: intentional self-harm; Y10-Y34: event of undetermined intent). Dates and diagnoses of suicide attempts came from the national patient register; dates and causes of completed suicides came from the cause of death register. All the suicide related events had been well validated. 24 25 
Comorbid conditions
The Swedish national patient register also provides information on several comorbid conditions related to ADHD or suicidal behaviour, including depressive disorder (ICD-8: 296. 
Statistical analyses
We compared the demographic and clinical characteristics between ADHD patients with and without suicide related events, as well as ADHD patients with different treatment patterns (non-treatment, intermittent treatment, and continuous treatment throughout the follow-up). These results formed the basis of the adjustments in the main analyses and the selection of sensitivity analyses.
At the population level, we used Cox regression models to estimate hazard ratios and 95% confidence intervals for time to suicide related event, with robust standard errors accounting for the correlated data from the same patient. We adjusted these models for sex and categorical age per year. We divided the follow-up time into consecutive periods for each patient. A new period started after a treatment switch (that is, from treatment to non-treatment or vice versa) or a suicide attempt. A period following a treatment switch was left truncated at the time of the switch; a period following a suicide attempt started at baseline (that is, a patient continued contributing time of follow-up after a suicide attempt). A period ending with a treatment switch, emigration, or death due to other causes than suicide was considered censored. A detailed description of the statistical modelling approach can be found in a recent publication. 22 We used stratified Cox regression models for within patient comparisons, in which time was divided into periods as for the ordinary Cox regression model described above, with each patient as a separate stratum. Stratification on each patient meant that the patient served as his or her own control, so the analyses by design adjusted for all time fixed factors for the same patient before and during the follow-up. The models were adjusted for several time varying covariates, including categorical age per year, previous number of treatment switches, and previous number of suicide attempts.
We did several sensitivity analyses to examine to what extent our results were affected by variations in the definitions of the exposure and the cohort. We used two additional exposure definitions to examine the potential influence of misclassification of exposure time. Firstly, we set the end of each treatment period to be 30 days after the last prescription. Secondly, we redefined treatment status by using a three month cut-off (that is, the treatment period was defined as a sequence of prescriptions without discontinuation within 92 days).
Because stimulants and non-stimulants differ in terms of pharmacological mechanism and treatment efficacy, 26 we did analyses in subgroups of stimulant users (patients treated by stimulants only) and non-stimulant/mixed users (patients with at least one treatment period by non-stimulant). In the second subgroup, we further divided the treatment periods into stimulant treatment periods and non-stimulant treatment periods. We respectively compared the rate of suicide related events during these two types of treatment periods with that during non-treatment periods.
Impulsivity might be an important underlying trait of suicidal behaviour, 27 and the hyperactive/impulsive symptoms of ADHD usually decline over time at a higher rate than do the inattentive symptoms. 28 Considering the potential age dependent effect of ADHD drug treatment on suicidal behaviour, we studied the associations in a younger cohort born during 1982-96 (baseline age 10-24 years) and an older cohort born during 1960-81 (baseline age 25-46 years).
To examine confounding by comorbid conditions, we first restricted analyses to ADHD patients without comorbid conditions. We then did analyses in ADHD patients with a lifetime diagnosis of depressive disorder, both with and without adjustment for the use of antidepressants. We defined treatment by antidepressants as receipt of antidepressant without discontinuation within three months (92 days). We used SAS software version 9.3 for all statistical analyses.
Results
A total of 7019 suicide related events occurred in 37 936 patients with ADHD during 150 721 person years of follow-up. Patients with suicidal behaviour were more likely to be female (P<0.001) and older (P<0.001), to have received ADHD drug treatment (P<0.001) and antidepressants (P<0.001), and to have more comorbid conditions (P<0.001), compared with those without suicidal behaviour. Tables 1⇓ and 2⇓ show the baseline characteristics of ADHD patients with and without suicide related events and according to treatment patterns during follow-up. Among patients exposed to at least one treatment period (that is, patients who received at least two prescriptions within a six month period), 90.3% also had non-treatment period because they started drug treatment after the beginning of follow-up or discontinued their treatment at least once during follow-up.
ADHD drug treatment and rate of suicide related events
At the population level, the rate of suicide related events was higher during treatment periods than during non-treatment periods (hazard ratio 1.31, 95% confidence interval 1.19 to 1.44). The increased rate of suicide related events was observed in both sexes (table 3⇓) .
In contrast, when comparing the rates of suicide related events for the same patients over different periods, we found no evidence for an increased rate during treatment periods (hazard ratio 0.89, 0.79 to 1.00); rather, we saw an indication of a reduction in the rate of suicide related events during treatment periods, although the 95% confidence interval included 1.00. We obtained similar results in both sexes (table 3⇓) .
Sensitivity analyses
We did not observe a significantly increased within patient rate of suicide related events associated with the use of ADHD drug treatment either by resetting the end of each treatment period or by using a three month cut-off to redefine treatment status. These results suggest that the main results are not due to our definition of treatment status (table 4⇓) .
At the population level, the use of ADHD drug treatment was associated with an increased rate of suicide related events among non-stimulant/mixed users (hazard ratio 1.49, 1.27 to 1.76), but the association was not significant among stimulant users (1.02, 0.90 to 1.16). Among non-stimulant/mixed users, more suicide related events occurred during non-stimulant treatment periods (hazard ratio 1.48, 1.17 to 1.88) than during non-treatment periods (table 4⇓). In the within patient comparisons, however, no increased rate of suicide related events was associated with the use of ADHD drug treatment regardless of the type of drug. We even found a statistically significant protective effect of stimulants on suicidal behaviour (hazard ratio 0.81, 0.70 to 0.94) (table 4⇓).
Use of ADHD drug treatment seemed to increase the rate of suicide related events at the population level in both the younger cohort (hazard ratio 1.17, 1.05 to 1.31) and the older cohort (1.39, 1.20 to 1.61), whereas the within patient comparisons showed no increased rate. In the older cohort, a significant reduction in the rate was suggested by the within patient comparison (hazard ratio 0.82, 0.68 to 0.99) (table 4⇓).
After the exclusion of patients with a lifetime diagnosis of any comorbid condition (depressive disorder, bipolar affective disorder, conduct disorder, drug abuse, and borderline personality disorder), only 946 suicide related events remained for the analyses, resulting in wide 95% confidence intervals (table 4⇓) . The association between the rate of suicide related events and the use of ADHD drug treatment at the population level (hazard ratio 1.24, 1.03 to 1.48) was largely attenuated and no longer statistically significant in the within patient comparison (1.08, 0.69 to 1.70) (table 4⇓). Among patients with a lifetime diagnosis of depressive disorder, the association at the population level (hazard ratio 1.28, 1.13 to 1.43) was reversed in the within patient comparison (0.78, 0.68 to 0.91). Similar results remained even after adjustment for the use of antidepressants during follow-up (table 4⇓) .
Discussion
In this register based cohort study, we followed 37 936 patients with a diagnosis of ADHD for 150 721 person years to study the association between the use of drug treatment for ADHD and the risk of suicidal behaviour. At the population level, the use of ADHD drug treatment seemed to be associated with an increased rate of concomitant suicide related events in patients of both sexes. However, these associations were not evident in within patient comparisons in which the point estimates suggested no evidence for a harmful effect of ADHD drug treatment on suicidal behaviour irrespective of whether the drug was stimulant or non-stimulant. In fact, the results suggested that ADHD drug treatment was associated with a reduction in concomitant suicide related events. Any protective effect is probably mediated by the improvement of ADHD symptoms, particularly impulsivity.
Strengths and limitations of study
To the best of our knowledge, this is the first nationwide longitudinal study investigating ADHD drug treatment in relation to suicidal behaviour. By linking Swedish national registers, we identified a total of 7019 validated suicide related events for analysis. Furthermore, the study used within patient comparisons to control for both measured time varying confounding and unmeasured time fixed confounding during the follow-up. The attenuation of the within patient estimates suggests that the increased rate of suicide related events associated with the use of drug treatment at the population level might be due to unmeasured confounding factors, such as baseline severity of ADHD or familial susceptibility to ADHD, rather than the use of ADHD drug treatment. Nevertheless, although we did not find an increased rate of suicide related events in the within patient analyses of non-stimulant drugs, the upper limit of the 95% confidence interval of the hazard ratio was estimated to be 1.30, so an elevated rate of suicide related events associated with the use of ADHD drug treatment cannot be excluded.
Depressive disorder frequently co-occurs with ADHD and represents a major risk factor for suicidal behaviour. 29 30 In October 2004 the Food and Drug Administration issued a black box warning on an increased risk of suicidality associated with antidepressants in the treatment of major depressive disorder among children and adolescents. 31 In our sample, a large proportion of the ADHD patients also had a diagnosis of depressive disorder and used antidepressants during the follow-up. We accordingly did sensitivity analyses among ADHD patients with a lifetime diagnosis of depressive disorder while adjusting for the use of antidepressants during the follow-up. In the within patient comparisons, we observed a protective effect of ADHD drug treatment on suicidal behaviour, both before and after adjustment for antidepressant treatment status. However, the effect of drug combinations in real life is more complex. Future research needs to use more stringent definitions of depressive episodes and antidepressant treatment status to disentangle the effect of ADHD drug treatment on suicidal behaviour. On the other hand, other psychotropic drugs such as antidepressants have very different patterns of use, as well as onset and end of effect. Thus, the use of psychotropic or other drugs would be unlikely to have the potential to explain the association between ADHD drug treatment and suicidal behaviour.
The results should be interpreted in the context of several limitations. Firstly, the ascertainment of treatment period was based on a sequence of dispensed prescriptions that might inaccurately reflect the actual consumption of drugs by patients, because other family members or healthcare staff could also pick up the drug. This might give rise to misclassification of exposure time. Such a problem is similar to the potential non-adherence to protocol in clinical trials, which can rarely be overcome by the intention to treat analysis used in most randomised controlled trials. In our study, the within patient estimates, based on different definitions of treatment status, did not invalidate the results from the main analyses, indicating that exposure time misclassification is unlikely to account for the results.
Secondly, confounding by time varying factors, such as sporadic onset of comorbid conditions that are associated with both drug treatment and suicide related events, are not taken into account in within patient comparisons. However, we did stratified analyses in a subgroup of ADHD patients without the main psychiatric comorbidities and observed no increased rate of suicide related events associated with the use of ADHD drug treatment.
The validity of diagnosis of ADHD in adults has been considered controversial. 32 33 Nevertheless, studies have consistently reported that ADHD is a relatively stable condition that persists from childhood into adulthood in a large number of cases and is associated with impairments in both clinical and psychosocial functioning. 34 The Swedish prescribed drug register contains mainly patients with severe ADHD who received drug treatment when non-drug interventions alone had failed. Therefore, we consider overdiagnosis of ADHD in adults to be unlikely in this study, even though generalisations of the results to patients with mild to moderate ADHD should be made with caution.
Conclusions and implications for future research
We found no evidence for an overall increased rate of suicide related events associated with the use of drug treatment for ADHD. If anything, the results pointed to a potential protective effect of ADHD drug treatment on suicidal behaviour, particularly for stimulant drugs. Despite the black box warning on atomoxetine related suicidal ideation, no evidence existed for an increased rate of suicide related events associated with the use of atomoxetine among non-stimulant/mixed users in our study. The study also illustrates the importance of using within patient designs to control for confounding in future pharmacoepidemiological studies.
Contributors: QC was involved in the conception of the study, analysis and interpretation of the data, and writing the manuscript. AS, PL, and HL were involved in the study design and analysis and interpretation of the data. BR and BMD were involved in study conception and interpretation of the data. All authors were involved in revising the article critically for important intellectual content and final approval of the version to be published. HL was responsible for study supervision and obtaining funding. HL is the guarantor. Competing interests: All authors have completed the ICMJE uniform disclosure form at www.icmje.org/coi_disclosure.pdf (available on request from the corresponding authors) and declare: no support from any organisation for the submitted work other than those listed above; no financial relationships with any organisations that might have an interest in the submitted work in the previous three years; no other relationships or activities that could appear to have influenced the submitted work. Transparency declaration: The lead author affirms that the manuscript is an honest, accurate, and transparent account of the study being reported; that no important aspects of the study have been omitted; and that any discrepancies from the study as planned (and, if relevant, registered) have been explained.
Data sharing: No additional data available. Tables   Table 1| Baseline characteristics 
